Preclinical studies have suggested that opioid exposure may induce a paradoxical decrease in the nociceptive threshold, commonly referred as opioid-induced hyperalgesia (OIH). While OIH may have implications in acute and chronic pain management, its clinical features remain unclear. Using an office-based quantitative sensory testing (QST) method, we compared pain threshold, pain tolerance, and the degree of temporal summation of the second pain in response to thermal stimulation among three groups of subjects: those with neither pain nor opioid therapy (group 1), with chronic pain but without opioid therapy (group 2), and with both chronic pain and opioid therapy (group 3). We also examined the possible correlation between QST responses to thermal stimulation and opioid dose, opioid treatment duration, opioid analgesic type, pain duration, or gender in group 3 subjects. As compared with both group 1 (n = 41) and group 2 (n = 41) subjects, group 3 subjects (n = 58) displayed a decreased heat pain threshold and exacerbated temporal summation of the second pain to thermal stimulation. In contrast, there were no differences in cold or warm sensation among three groups. Among clinical factors, daily opioid dose consistently correlated with the decreased heat pain threshold and exacerbated temporal summation of the second pain in group 3 subjects. These results indicate that decreased heat pain threshold and exacerbated temporal summation of the second pain may be characteristic QST changes in subjects with opioid therapy. The data suggest that QST may be a useful tool in the clinical assessment of OIH. Ó
Introduction
Opioid analgesics are effective for the management of moderate to severe pain. Similar to other pain medications, opioids have well-documented side effects such as nausea, constipation, and sedation. With continuation of opioid therapy, some opioid-related side effects such as sedation may subside. On the other hand, a prolonged course of opioid therapy may lead to tolerance to and physical dependence on opioid analgesics. A notable feature of physical dependence on opioid is the hyperalgesic response during opioid withdrawal [3, 8, 14, 19, 34, 37] . This phenomenon suggests that opioid exposure may activate a pro-nociceptive process, which could be unmasked upon the withdrawal from opioids. Recently, hyperalgesia has also been demonstrated in the absence of overt opioid withdrawal in preclinical models of opioid exposure [5, 22, 26] , indicating a paradoxical phenomenon of opioid-induced hyperalgesia (OIH). A growing body of evidence supports the notion that OIH is likely to be mediated through the neural and molecular mechanisms similar to those of neuropathic pain To date, clinical diagnosis of OIH remains difficult due to the lack of evidence for clinical characteristics of OIH [25] . For example, it is unclear whether responses to noxious stimulation would differ in chronic pain subjects with or without opioid therapy. In this study, we examined a variety of responses to innocuous or noxious heat and cold stimulation using an office-based quantitative sensory testing (QST) method in order to achieve three objectives: (1) to compare and contrast QST responses, including pain threshold, pain tolerance, and temporal summation of the second pain, among subjects with or without opioid therapy, (2) to identify characteristic QST responses in chronic pain subjects with opioid therapy that would be distinguishable from chronic pain subjects without opioid therapy, and (3) to examine possible corre-
